The ecological importance and diversity of pico/nano-planktonic algae remains poorly studied in marine waters, in part because many are tiny and without distinctive morphological features. Amongst green algae, Mamiellophyceae such as Micromonas or Bathycoccus are dominant in coastal waters while prasinophytes clade VII, yet not formerly described, appear 1 Author for correspondence : vaulot@gmail.com
and Ostreococcus (Chrétiennot-Dinet et al. 1995) .
In coastal waters, Mamiellophyceae appear largely dominant, especially within the pico-plankton, with the genus Micromonas making the highest contribution and followed to a lesser extent by Bathycoccus (Throndsen, J. and Kristiansen 1991 , ColladoFabri et al. 2011 , Balzano et al. 2012 . In contrast in the open ocean, another group of prasinophytes, clade VII, with cell size in the 3 to 5 µm range, has been found to make an important contribution to the pico-plankton community in regions such as the Equatorial Pacific and Mediterranean Sea (Moon-van der Staay et al. 2000 , Viprey et al. 2008 , Shi et al. 2009 ). The distribution of clade VII in typically oceanic mesotrophic waters makes this an interesting group. Prasinophyte clade VII contains several cultured strains mostly from tropical and sub-tropical waters but also from temperate regions. Although it has not been described formerly yet. Guillou et al. (2004) divided this group into three well-supported sub-clades, A, B and C, the latter being formed by Picocystis salinarum, a small species found in saline lakes (Lewin et al. 2000 , Roesler et al. 2002 , Krienitz et al. 2012 ).
Traditionally, pigment signature has been used to determine the taxonomy of algae groups present in the water column (Jeffrey et al. 2011) . This approach has been largely superseded by molecular approaches (Liu et al. 2009) 
but pigments remain an important
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This article is protected by copyright. All rights reserved. phenotypic characteristic that allowed to point out the importance of green algae in specific regions of Pacific Ocean, Mediterranean Sea or Arctic Ocean (Obayashi and Tanoue 2002 , Miki et al. 2008 , Gutiérrez-Rodríguez et al. 2010 , Coupel et al. 2014 . The study of pigments in different types of prasinophytes has revealed a diversity of photosynthetic signatures in this group. Prasinophytes can be divided into three major groups based on their carotenoid composition (Egeland et al. 1997 , Garrido et al. 2009 ). Group 1 contains the basic set of carotenoids present in Chlorophyceae: neoxanthin, violaxanthin, lutein, zeaxanthin, antheraxanthin and β-β-carotene. Group 2 consists of the basic set of carotenoids plus loroxanthin (2A) and siphonaxanthin (2B). Group 3 contains prasinoxanthin (3A) and uriolide, micromonal, micromonol and dihydrolutein (3B) in addition to the main pigments found in group 1 (Jeffrey et al. 2011 ).
Within clade VII, only three strains have been analyzed until now: two isolates of Picocystis salinarum (subclade C) from saline lakes (Lewin et al. 2000 , Roesler et al. 2002 and the marine strain RCC287 (subclade A; Latasa et al. 2004) . A large number of clade VII strains are available from the Roscoff Culture Collection (http://roscoff-culturecollection.org/) originating from a range of environment. The aim of this study was to determine the phenotypic characteristics of this important group of marine green algae by analyzing the pigment composition of fourteen strains belonging to the three sub-clades (A, B, C) of prasinophytes clade VII isolated from a range of oceanic location and depths (Table   1 ). We also assessed the effect of three light irradiances on pigment composition for a subset of these strains.
Twelve strains belonging to clade VII (Table 1) homogenized using a stainless steel spatula for filter grinding. Tubes were placed in an ultrasonic bath with water and ice for 5 min. The slurries were then centrifuged 5 minutes at 4.500 r.p.m. and supernatants filtered through 13 mm diameter polypropylene syringe filters (MS PTFE, 0.22 μm pore size) to remove cell and filter debris. Before injection 1 mL of each sample extract was added with 0.4 mL of Milli-Q water to avoid peak distortion. Pigments extracted from clade VII strains were analyzed using a modification of Zapata et al. (2000) method, described by Garrido et al. (2009) to improve the separation of loroxanthin and neoxanthin (Table S1 in the Supporting Information). Pigment extracts of RCC3402 (Picocystis) were also analyzed employing a polymeric octadecyl silica column as described by Garrido and Zapata (1997) . All graphs and analyses were performed with the R software using the ggplot2 and FactoMineR libraries (R Development Core Team 2013).
Intracellular chlorophyll (Chl) a content ranged from 4 to 26 fg per cell in most strains except for RCC996 (VIIA) and RCC3402 (Picocystis -clade VIIC) for which it was much higher (Table 2 ). This range agreed with values previously determined for marine
This article is protected by copyright. All rights reserved. microalgae in the same size range (Simon et al. 1994 ). More recently, in a field survey, All the prasinophytes clade VIIA and B analyzed here showed a very similar pigment composition ( Table 2 ). It did not seem to change drastically between sub-clades A and B, nor with the depth of isolation (Fig. 1 ). This composition is similar to that reported for RCC287
by Latasa et al. (2004) corresponding to pigment group prasino-2A. We did not observe strong differences ( In our study, only RCC1124 and RCC1871 (both from sub-clade A) did not contain loroxanthin within strains belonging sub-clades A and B (Table 2 ). Violaxanthin and lutein were the most abundant carotenoids for sub-clades A and B. Astaxanthin came as third for most other A and B strains except for RCC1871 (sub-clade A) and RCC2339 (sub-clade B)
for which it was neoxanthin and β-β-carotene, respectively. Picocystis (RCC3402, clade VIIC) had a clearly distinct carotenoid profile compared to sub-clades A and B. It did not contain loroxanthin, astaxanthin and antheraxanthin but instead diatoxanthin, alloxanthin and monadoxanthin ( Fig. 1 ; Table 2 ). For this strain, β-β-carotene, monadoxanthin and diatoxanthin were the most abundant carotenoids, respectively ( Fig. 1 ; Table 2 ) and the ratio
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of accessory pigments to Chl a was much lower than in clades VIIA and B (Fig. 1) . The presence in Picocystis of these pigments usually found in cryptophytes or diatoms (Takaichi 2011) , that are parts of the so-called red lineage (by opposition to the green lineage to which clade VII belongs, Falkowski et al. 2004 ) was also reported by Lewin et al. (2000) and Roesler et al. (2002) as well as found in Coccomyxa, a green alga belonging to the Chlorophyceae (Crespo et al. 2009 ).
We analyzed the influence of irradiance (14, (Schlüter et al. 2000 , Henriksen et al. 2002 , Brunet et al. 2011a ). In our study, Chl b ratios increased slightly at low light, as expected, except for RCC3376 that showed a very slightly lower ratio at low light than at high light (0.78 vs. 0.81; Fig. 2 ; Table   S2 ). A similar slight decrease was also observed by Garrido et al. (2009) for the green alga
Tetraselmis suecica.
The increase at low light of neoxanthin, β-ε carotene and loroxanthin points to a light harvesting role for these pigments in most of the strains ( Fig. 2 ; Table S2 ). The changes can be subtle, as in the case of neoxanthin or drastic, as observed for loroxanthin (Fig. 2) .
Neoxanthin has been found to be associated with light harvesting complexes in the Mamiellophyceae Mantoniella squamata (Wilhelm and Lenarz-Weiler 1987 
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The increase of astaxanthin (from 2 to 4-fold depending on the strains) with light intensity suggests that this carotenoid has a photoprotective role (Fig. 2) , as previously demonstrated in the Chlorophyceae Haematococcus pluvialis (Wang et al. 2003 , Gao et al. 2012 ). Among all strains, RCC3374 showed the most impressive accumulation of astaxanthin which contributed up to 42% of the total carotenoid pool under high light conditions (Fig. 2) .
In comparison, H. pluvialis can accumulate 86 -90% of astaxanthin in the total carotenoid pool after sixteen days cultures of under stress conditions (Sarada et al. 2002) .
The photoprotective role attributed to lutein (Jahns and Holzwarth 2012) seems to happen also in these species. Its contribution to total carotenoids increased sharply from low to medium light and stabilized at the highest irradiance ( Fig. 2 ; Table S2 ). Such increase under high light conditions has been previously reported by Böhme et al. (2002) This role was coherent with its loose binding to the LHC apoprotein, also observed for the violaxanthin cycle (VAZ) carotenoids. However, lutein and loroxanthin are xanthophylls derived from β-ε carotene, and both have also been suggested also to take part in photoprotective mechanisms (non-photochemical quenching, NPQ) to prevent photooxidative damage in high light conditions in the green alga Chlamydomonas reinhardtii (Niyogi et al. 1997 ).
As for lutein, the content of the photoprotective xanthophyll cycle involving violaxanthin, antheraxanthin and zeaxanthin (VAZ cycle) relative to Chl a increased from low to medium light and then stabilized ( Fig. 2 ; Table S2 ). However the evolution of individual pigments differed among strains. For example, zeaxanthin did not change much in RCC287 and RCC857 while it increased several-fold in other strains (e.g., RCC719, Fig. 2 ).
A relationship between strain origin and pigment composition is unlikely according to a Principal Component Analysis (PCA) based on pigments to Chl a ratios (Fig.   3 ). The first two components explained more than 50% ( . Despite all this, some common patterns can be found when pigment data are given in terms of their ratios to Chl a. Light-harvesting pigments and Chl a content increase under low irradiance, and tend to co-vary under variable light conditions. In turn, photoprotective pigments are synthesized under light stress and increase their ratios to Chl a in higher light irradiance (Brunet et al. 2011b ). The behavior of pigments analyzed in clade VII resembled that expected for light-harvesting or photoprotective ones, but without a more complete dataset (biochemistry, photosynthetic dynamics, etc.) this cannot be stated unambiguously. The discovery of loroxanthin (a putative light harvesting pigment) and astaxanthin (with a suggested photoprotective role) in prasinophytes clades VIIA and B prompts the need to reexamine the pigment composition of other members of this diverse and ancient group using improved analytical protocols.
Recent phylogenetic results pointed clade VII A/B as a sister group of the core of Chlorophyta (Guillou et al. 2004 , Leliaert et al. 2012 , Lemieux et al. 2014a , 2014b 
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